ABSTRACT-We compared the sensitivity and specificity of PCR methods targeting 16S rDNA, DNA gyrase subunit genes (gyrA, gyrB) and peptidyl-prolyl cis-trans isomerase C gene (ppiC) for the detection of Flavobacterium psychrophilum using 82 bacterial isolates and 55 washings of fish gills. To identify F. psychrophilum among the bacterial isolates, the PCRs targeting 16S rDNA, gyrB and ppiC exhibited the same sensitivity and specificity but some false-positive results were found in the PCR targeting gyrA. The PCR targeting 16S rDNA was more sensitive than the other PCRs in detecting the bacterium from gill washings but occasionally gave false-positives. To avoid the false-positive result in gill washings, the PCRs targeting gyrB and ppiC seem to be preferable.
peptidyl-prolyl cis-trans isomerase C gene (ppiC) 5) . The present study compared the sensitivities and specificities of these four PCRs to determine which ones were best suited for detection of F. psychrophilum.
Materials and Methods

Bacteria and DNA preparation
To determine the sensitivity of the PCRs for F. psychrophilum, total genomic DNA of the type strain of F. psychrophilum (NCIMB 1947 ; derived from coho salmon Oncorhynchus kisutch) was prepared with a PureLink DNA Extraction Kit (Invitrogen, USA).
A total of 82 yellow-pigmented bacteria were isolated with tryptone yeast extract agar (tryptone 0.4%, yeast extract 0.05%, CaCl 2 · 2H 2 O 0.02%, MgSO 4 · 7H 2 O 0.05%, agar 1.5%, pH 7.2) from the gills, kidneys and lesions of ayu that had been captured from 2003 to 2004 in Gunma Prefecture, because F. psychrophilum forms yellow-pigmented colony on agar plates. The template DNA of the isolates was prepared by boiling cells in Chelex as described previously 6) . Furthermore, the isolates were identified by the indirect immunofluorescent antibody test (IFAT) using a rabbit antiserum against F. psychrophilum (strain FPC840) and FITC-labelled protein A 6)
. Gill washings were obtained from a total of 55 fish captured at rivers in Gunma Prefecture in 2004. The details of gill washings were 25 from ayu, eight from Japanese dace Leuciscus hakonensis, six from pale chub Zacco platypus, five from pike gudgeon Pseudogobio esocinus esocinus, three from reddish bullhead Liobagrus reini, each two from masu trout O. masou masou and oriental weatherfish Misgurnus anguillicaudatus, each one from cut-tailed bullhead Pseudobagrus aurantiacus, Biwa gudgeon Gnathopogon caerulescens, rainbow trout O. mykiss, and Japanese fatminnow Phoxinus lagowskii steindachneri. Sheets of gill filament were taken out from fishes, and put into each vial with phosphate-buffered saline. Template DNA was prepared by boiling the gill washings in Chelex as described previously 7) .
PCR methods
For F. psychrophilum strain NCIMB1947, a serial 10-fold dilution of extracted DNA was used as a template ranging from 1 fg to 10 ng per PCR tube. Using these DNA solutions, the sensitivity of single PCRs with specific primers and the nested PCRs with universal and specific primers targeting 16S rDNA, gyrA, gyrB and ppiC were compared. For the nested PCR targeting 16S rDNA, the universal primer pair of 20F and 1500R 8) and the F. psychrophilum-specific primer pair of PSY1 and PSY2
2) were used as the external and internal primer pairs, respectively. For the nested PCR targeting gyrA, the universal primer pair of gyrAF and gyrAR and the F.
In Japan, production of farmed ayu Plecoglossus altivelis is more than one thousand tons per year. The farmed ayu often carry Flavobacterium psychrophilum that is the cause of bacterial cold water disease (BCWD). Some of the farmed ayu are released to natural waters for game fishing, which is causing the disease to spread to ayu and other fishes inhabiting natural waters 1) . To prevent the spread of BCWD, farm-produced ayu must be inspected for F. psychrophilum before they are released. The PCR technique is one of the methods of examination that is effective for carrier detection of F. psychrophilum. Previous studies have described PCR primers for identification, detection and functional analysis of F. psychrophilum. The primers target genome regions of 16S rDNA gene 2) , gyrase sub-
, gyrase subunit B gene (gyrB) 4) and psychrophilum-specific primer pair of GYRA-FP1F and GYRA-FP1R were used as the external and internal primer pairs 3) , respectively. For the nested PCR targeting gyrB, the universal primer pair of GYR-1 and GYR-1R and the F. psychrophilum-specific primer pair of PSY-G1F and PSY-G1R were used as the external and internal primer pairs 4) , respectively. For the single PCR targeting ppiC, the F. psychrophilum-specific primer pair of fpPPIC1F and fpPPIC1R was used 5) . After the first PCR amplification with the external primers, each PCR product was diluted to 5% with 1/10 TE buffer (1 mM Tris-HCl, 0.1 mM EDTA, pH 8.0), and then used as the template of the second PCR amplification with the internal primers. All PCR amplifications were performed in a total reaction volume of 10 mL. The reaction mixture contained 1 mL of template DNA, 2 nmol of each dNTP, 1 mL of 10 ¥ PCR buffer, 10 pmol of each primer and 0.25 U of Taq DNA polymerase (Takara). The nucleotide sequences of these primers and PCR conditions are presented in Table 1 . Samples were subjected to 35 cycles of amplification in a GeneAmp PCR System 9700 (Applied Biosystems). The amplified product was electrophoresed in a 2% L03 agarose gel (Takara) in Tris acetate EDTA buffer. The gel was stained with ethidium bromide and photographed.
DNAs prepared from the 82 yellow-pigmented bacterial isolates were amplified using the specific primers targeting 16S rDNA, gyrA, gyrB and ppiC as described above. DNAs prepared from the gill washings were used as the templates for the nested PCRs and the single PCRs with the specific primers targeting16S rDNA, gyrB and ppiC as described above.
Direct sequencing
The PCR products from the gill washings were used as a template for direct sequencing using the F. psychrophilum-specific primers. The PCR products were directly sequenced with ABI Prism 3700 Genetic Analyzer (Applied Biosystems) with BigDye Terminator Cycle Sequencing FS Ready Reaction Kit (Applied Biosystems) according to the manufacturer's directions. DNA sequence data were edited with CHROMAS LITE (http://www.technelysium.com.au/chromas_lite.html).
Results and Discussion
In the sensitivity of four PCR primers, the detection limits of the nested PCRs targeting 16S rDNA, gyrA, gyrB and ppiC were 10 fg , 100 fg, 100 fg and 100 fg of F. psychrophilum genome DNA per PCR tube, respectively. The nested PCR results except that of ppiC are shown Fig. 1 . The detection limits of the single PCRs with specific primers targeting 16S rDNA, gyrA, gyrB and ppiC were 100 fg, 1 pg, 1pg and 1 pg, respectively (Fig. 1) . Thus, the single and the nested PCRs targeting the 16S rDNA had ten times higher sensitivity than the PCRs targeting gyrA, gyrB and ppiC. The sensitivity is probably proportional to the copy number in the genome. F. psychrophilum has six copies of the 16S rDNA operon in its single chromosomal DNA, whereas it is thought to have only single copies of structural gene such as gyrA, gyrB or ppiC 9) .
Of the 82 yellow-pigmented bacterial isolates, 76 were positive for the four single PCRs and IFAT. The other six isolates were positive in the PCR targeting ¢ ¢ gyrA, but negative in the PCRs targeting 16S rDNA, gyrB and ppiC and IFAT (Table 2 ). To identify these six isolates, we analyzed the 16S rDNA by direct sequencing using the primers 20F, 530F (5¢-GTGCCAGCMGCCG-CGG-3¢) and 1500R 8, 10) . The size of the sequenced fragment was 1,313 bp. These nucleotide sequences were 94.1 -95.1% identical to that of F. psychrophilum strain NCIMB1947 (accession no. AY662493). Furthermore, we analyzed nucleotide sequences of PCR products targeting gyrA of the six isolates by direct sequencing using the primers GYRA-FP1F and GYRA-FP1R. These sequences showed 82.8 -86.6% homology with F. psychrophilum NCIMB1947 (accession no. AB158101). Therefore, these six isolates are not very likely to be F. psychrophilum, suggesting that the PCR targeting gyrA gives a high frequency of false-positives. Thus, the PCR targeting gyrA appears to be unsuitable for detection and identification of F. psychrophilum.
Fig. 1.
Comparison of the sensitivity to detect Flavobacterium psychrophilum NCIMB1947 by the agarose gel electrophoresis of PCR products. (A) PCR product targeting gyrA with the universal primer pair gyrAF and gyrAR and the F. psychrophilum-specific primer pair GYRA-FP1F and GYRA-FP1R, (B) PCR product targeting gyrB with the universal primer pair GYR-1 and GYR-1R and the F. psychrophilum-specific primer pair PSY-G1F and PSY-G1R, (C) PCR product targeting 16S rDNA with the universal primer pair 20F and 1500R and the F. psychrophilum-specific primer pair PSY1 and PSY2, (D) PCR product targeting ppiC with the F. psychrophilum-specific primer pair fpPPIC1F and fpPPIC1R. Lanes: M, 100 bp DNA marker; 1, 10 ng template; 2,1 ng; 3, 100 pg; 4, 10 pg; 5, 1 pg; 6, 100 fg; 7, 10 fg; 8, 1 fg.
Of the 55 gill washings examined, 22 samples gave 16S rDNA amplicons of the expected size using the nested PCR. Of these 22 amplicons, 16 were from ayu, three were from pike gudgeon, and three were from each one of pale chub, reddish bullhead, and rainbow trout. On the other hand, the specific PCR targeting 16S rDNA yielded unclear multiple DNA fragments (data not shown). Six of these 55 samples were also positive for the nested PCR targeting gyrB and the specific PCR targeting ppiC, and all of them came from ayu. Five of these 55 samples were positive for the specific PCR targeting gyrB, and all of them came from ayu.
The above-mentioned 22 amplicons of 16S rDNA using the nested PCR, six amplicons of gyrB using the nested PCR, five amplicons of gyrB using the specific PCR and six amplicons of ppiC using the specific PCR from the gill washings were sequenced. The sequencing sizes were 1,026 bp, 921 bp, 921 bp and 340 bp, respectively. The 16S rDNA sequences from three pike gudgeon were identical each other and were 98.5% and 98.7% identical to those of F. psychrophilum strains CFS 259-93 (accession no. AY662494) and NCIMB1947, respectively, while the sequences of 19 PCR products from fish other than pike gudgeon were over 99% identical to these reference sequences. In general, it has been assumed that bacterial isolates of the same species have 16S rDNA sequences that are more than 99% . Therefore, the PCR products of 16S rDNA from pike gudgeon might be false-positives, suggesting that the specificity of PCR targeting 16S rDNA is low for the analysis of biologically mixed samples like gill washings. On the other hand, the homologies of nucleotide sequences of six amplicons of gyrB using the nested PCR and five amplicons of gyrB using the specific PCR were 100% identical to that of NCIMB1947 (accession no. AB034732). The homologies of nucleotide sequences of the amplicons of ppiC using specific PCR were 99.7% identical to that of F. psychrophilum strain PPSG011227 (accession no. AB254195). Therefore, the PCR products targeting gyrB and ppiC from gill washings appear to come from F. psychrophilum cells. To avoid this false-positive result in gill washings, the PCRs targeting gyrB and ppiC seem to be preferable. However, it appears that there is a problem in detecting F. psychrophilum with gill washings using PCR.
There were no false-positives in the present study using the PCRs targeting gyrB and ppiC. However, because detection limits of these PCRs were low in comparison with the nested PCR targeting 16S rDNA, the PCRs targeting gyrB and ppiC might be give false-negatives. In contrast, the nested PCR targeting 16S rDNA might lead to false-positives, based on the results in this study. For the sensitivity and specificity of PCR methods for detecting F. psychrophilum, further studies should be carried out.
